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2,2-DISITROBI_J’TASE-1.4-DIQL A?GD 

MUSOESTERS 

l3.4CKGROL-W3 OF THE IX\‘EXTIOX 5 

This invenrion relates to alcohok and more particu- 
larlv to energetic pail-nitro substituted dials. 

<ol>vnjl,o-h>9drox>* ierminated dials are being used to 
prepare ener_retic binders for propellants and expio- 
sives. Lower molecular weight polynitro alcohols have I* 
been used as building blocks to prepare these dials. 
Because of the limitation on the choice of these building 
blocks, the high energ>- dials have been limited to thosi 
having _pem-dinirro goups in the p position to the hy- 
droxv !zroups, 15 I c 

HOCH~Cr~o~I~ C(NO~)~CH~OJi. e 

Unfortunately u*hile these dials have excellent energy 
content, they are unsrabie in the presence of weak bases 20 
or nucleophiles (such as atmospheric moisture) Or oxy- 
gl;n and nitrogen containing components of the ener- 
getic binder systems. They deformvjate producing 
formaldehvde and labile dinitromeihane de&a& 
which coiraminate and cause the degradation of the 25 
binder systems. 

US . patent application Ser. No. 6-453,6X entitled 
“3,3,3-trinitropropano~~’ and a method of preparation 
thereof, filed on Dec. 27, 1982 by Horst G. Adolph, 
discloses a nitro alcohol of the formula C(NQ)3CH~C- 30 
H$DH which does not dcformvlate under basic condi- 
tions as do 2?2,2-trinirroe~hanoi, C(.NC93C&OH, and 
Z.2-dinitropropanol. CH3(XO+CH~OH. However, 
because it is a mono alcohol? ?,3,?-trin~tropropanol can 
not be used to form energetic binder polymers. 25 

It would be desirable, therefore, to produce energetic 
polynirro dials which would be stable under weak basic 
conditions, Moreover, this should be done with a mini- 
mum reduction in the energy content of the binder 
system. However, before this can be done, new interme- 40 
diates must be provided for the preparation of the dials. 

Accordin& an object of this invention is to provide 
new organic compounds. 45 

Another object of this invention is to provide new 
energetic polynitro organic compounds. 

A further object of this invention is to provide new31 
polynitro organic compounds which can be used to 
synthesis new stable, energetic polynitrodiols. 50 

These and other objects of this invention are accom- 
plished by proAding 2Adinitrobutane- 1 A-dial and q- 
monoesters thereof. 

DET.4ILED DESCRIPTIOX QF THE 
P.REFERRED EMBOIXMEXT 

The title did HUCH~C(~O)~CH~CIf~OH, has a 
gem-dinitro croup 3 to a hvdroxy group. Thus, it will 
undergo defknylarion in the presence of weak bases. 
Nevertheless. this dial is usehI as a building block for 60 
the preparation of energetic dbis which wil1 not &for- 
mylate in the prexnce of weak bases. 

H 

The active hvdroeen on the nitrosen atom can he re- 
placed by more kxrgetic group- such as --X0 ur 
--MO?. 

Preparation of the starting material X3.3.trinirro- 
propanol is illustrated by example 1. 

Example 2 illustrates the preparation of X-dinitrobu- 
tans-I.&dial. First 3,3,3-trinitropropanol is reacted with 
potassium iodide to produce the salt potassium 3,3-dini- 
tropropanol. 

The salt is reacted with formaldehvde and the solution 
is acidified to yield 2,2-dinitrobutaie- 1 ,Gdiol. 

Monoesters of 2Ldinitrqbutane- I A-dial in which the 
4-hydroxy position is blocked may be formed’by the 
following procedure. First, 3,3.3-trinitropropanol is 
esterfied. This can be done by any conventional method 
such as reacting the alcohol with the appropriate acid 
chloride 

0 

The remaining steps are the same as those used in pre- 
paring the dial. The 3,3,3-trinitropropanol ester is rem 
acted with potassium iodide to form the salt 

Reaction of the salt with formaldehyde followed by 
acidification of the reaction solution yields the corre- 
sponding 4-monoester of 2,2-dinitrobutane-1,4-dial, 

P 
$CR. 

R’ 
RC- 
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group. The only restrictions are that R should contain 
no groups that will interfere with the esterifkatjon of 
the 3.3,3-trinitropropanol or with the reaction between 
the 2.2-dinitrobutane- 1,4-dial monoester and ammonia. 
(Amino and hvdroxv containing groups are therefore 5 
not included ink.) Ai a practical matter, R is preferably 
low in moiecular weight. For example, when R is, an 
alkyl. fhoroalkyi, or chloroalkyl gruup, R preferably 
contains from 1 to 12? and more preferably from 1 to 4 
carbon atoms. When R is an aryl, fluoroaryl, of Chloroa- jo 
~4 groups. R preferably contains from 6 to IS, and 
more preferably 6 carbon atoms. When R is an arakyl, 
fluoroaralkyl, or chloroaralkyl group, R preferably 
contains from 7 to 18, and more preferably from 7 to 10 
carbon atoms. Of all the groups available, R equals to 15 
-CH; is most preferred for industrial purposes because 
of cost. Other common examples are R equal to 

-CH=CH2. , -CCFJ, -CCl;. etc. 
20 

The monoester can be reacted with ammonia to form 
a diester 25 

NH;*-> 

which is then hydrolyzed to produce 5-aza-3,3,7,7-tet- 
ranitrononane- 1,9=diol 35 

40 
Conditions for the reaction Brith ammonia and the sub- 
sequent h!drolpsis of the ester groups is disclosed in 
V.S. Navy Case No. 66,830 entitled “S-Aza-1.3,7,7-tet- 
ranifrononane- 1,9-djols and Methods of Preparation.” 
b>, Horsr G. Ado1 p anb Michael E. Sitzmann, filed d< h II 
concurrent13 with the present application and herein 
jncorporared by reference. 

Exampies 3. 4 and 5 of this specification disclose the 
preparation of 2,2&initrobutane- 1.4-dial-4-acetate (i.e*, 
R=CH3). 50 

The general nature of the invention having been set 
forth. the folIowinE examples are presented as specific 
exsmpks thereof. 6 wiZI be understood that the iniren- 
tion is nor limited to these specific examples but is sus- 
zsptible KI L-arks modifications that will be recognized cc 
by one of ordinary ski11 in the art. 

c- 

EX4MPL.E 1 (PRIOR ART) 

4 
50” C. before jt was poured onto ice KI give an aqueous 
so]ution (2500 m]) u&h ~3s extracted \+*ith 3x300 ml 
of methylene chloride. Two grams of unreacted trini- 
trobutyric acid were recovered from rhe CHzCjz ex- 
tracts. The aqueous solution M as cooled at W-14” C. 
while a solution of 140 g of sodium 1F;ydroside in 200 ml 
of water was added dropwise with ~OOC! Stirring. The 
solution was then heated to 25’ C. before a solution of 
121 g (3.75 mol) of sodium nitrite in 400 ml of water was 
added over a 30 minute period. (Some ~001ing was 
necessary to maintain the temperature at approximately 
40” C. during the addition.) ne solution u;as heated at 
6U” C. for one and a half I~ours before it teas cooled to 
25” C. and extracted with 2X 500 ml methvlene chlo- 
ride. It was then saturated with sodium chloride and 
extracted with 3x500 ml CH:CI2. The combined ex- 
tracts contained 161 g (87.7 percent) of crude 3,3,j,trinj- 
tropropanok 

EXAMPLE 2 

Preparation of 2,2Dinirrobutane- 1 +diol 

A mixture of 13.5 g of 3,3,3-trinitropropanol and 23.0 
g of potassium iodide in 200 ml of methanol was stirred 
at 35”-40” C. for 2-3 days, allowed to cool to room 
temperature, and the precipitated potassium 3,3-dinitro- 
propanol was isolated by filtration and washed with 
cold methanol. The methanol wet salt was added with 
ice cooling and stirring to a mixture of 100 ml of water 
and 6.0 g of 37% formalin. With continued stirring and 
c001ing, the mixture was slowly (3 minutes) acidified 
with concentrated HCl to a pH of about 2.5-3 and 
stirred another 2 hours. After further acidification with 
concentrated HCl and saturation with NaCl, the solu- 
tion was extracted 5 times with ether, the extracts were 
dried (MgS04), filtered, and freed from solvent in 
vacua to give 9.0 g of solid (mp 47’3” C.) which was 
stirred with 80 ml of chloroform at ambient temperature 
to give 7.85 g of white ;oIid, mp 5%57” C. Crystalliza- 
tion from methylene chloride gave 7.2 g, mp 56’-58’ C., 
II-I-NMR (C&C12): 54+65 (d, ZH), 3.95 (m, 2H), 3.35 (t, 
lH), 2.92 (t, 2H), 2.12 (t, II-I). 

Analysis 
Calculated for C&F+@ C. 26.67; I-i, 4,48; N? 15.55. 
Found: C, 26.62; H, 3.5 I; 5: 15.42, 

EXAMPLE 3 

Preparation of 3.3,3-Trinitropropyl Acetate 

Acetyl chloride (125 ml) was added to a dried 
(MgSO4) solution of 150 g of crude 3.3.3~trinitro- 
propanol in 2000 ml of methylene chloride cooled in an 
ice bath. The solution was slowly warmed to reflux 
temperature aad held overnighr. The reaction solution 
uras concentrated to 800 ml b>- distiilation before ir was 
cooled and poured onlo ice u’ater. The mixture was 
stirred for -70 minutes before the CH$X: layer was 
separated. dried over MgSO; and the solvent removed 
to give 183 (100% ) of crude tznitropropyl acetate as a 
Iirht Ereen solid. 

cd5 iimi!a: reaction en@yir,g : 1.0 ,r of crude 7 2 7- 1.1 .Y 
trinitroprapanol. _ W ml of merhyiene chloride and 25 ml 
of xctyl chlmide g;r\ L ;1ft~ tiddrtion of hexane to the 
CHzCI; solution and chilfinz. !ikring off the solid. 
conccnmting and chilling ;iyn. SI._C g (88.95) of 
3.~..~-trinitroprop~~l ifce~afe. .q wtcond recrystallizarion 
from CH:CIJ/h&ne gin ~bimal (>f mp U”-~9” C.: 



, 
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‘H-mm (CDCI:,):62.06 (s, 3H), 3.45 (t, =I), 4.55 (t, . 
!H). 

,fl Anal Vsis: 
Calciated for C~HTY~O~: C, 25.32; Ha 2.98; N, 17.72. 
Found: C, 25.5 1; IJ. XII; N, 17.27. 

EXAMPLE 4 

Preparation of Potassium 35dinitropropyl acetate 

Potassium iodide (338 g, 2.03 mol) was added to 183 
g (0.77 mo1) of crude 3,3,3-trinirropropyl acetate in 2 100 
ml of methanol. The mixture was stirred at 40” C. for 24 
hours before it was cooled to 20” C. and the yellow salt 
removed by filrration. The product was stirred with 600 
ml of methanol at 20” C. to give 88.5 g (50%) of yellow 
salt. 

A similar reaction using 32.1 g of purified 3.3,3-trini- 
tropropyl acetate gave 20.4 g (66%) of potassium 3,3- 
dinitropropyl acetate. IW-NMR (II20 with TMS capil- 
lary):62.54 (s, B-I), 3.94 (tl 2H), 4,93 (t, 2H). 

EXAMPLE 5 

Preparation of 2,2-Dinitrobutane- 1 +diol-4-acetate 
To a stirred solution of 18.2 g (0.079 mole) of crude 

potassium 3,3&iitropropyl acetate in 200 ml of distilled 
water at ambient temperature was added 19 ml of 36% 
formalin. Concentrated hydrochloric acid (7.3 ml) was 
added in portions over 10 minutes. At this point there is 
appreciable oil precipitate and the aqueous phase is only 
slightly yellow in color (pH about 4). After the reaction 
mixture was stirred for 2 hours at ambient temperature 
the oil was extracted into methylene chloride to give 
17.3 g (89%) of product which was crystallized by 

I- cooling a chloroform-hexane solution in dry ice-acetone 
yielding 13,63 g (78%) of white crystals, mp 20°-21S4 
C - IH-NMR (CD-Cl+ 54.58 (d, 2H), 4.33 (t, 2H), 3.51 
(t;‘lH), 3.06 (t, Zi)? i.06 (s, 3H), 

Analysis 
Calculated for C&&07: C, 32.44; H, 4.54; N, 

12.41. 
Found: C, 32.40; fI, 4.56; N, 12.59. 

6 
Obviousl!~ numerous modifications and jxiations of 

the present invention are possible in light of the above 
teachings. It is therefore to be understood that within 
the scope of the appended claims the invention may be 
practiced otherwise than as sptiificaiij* described 
herein. 

N:hat is claimed as new and desired to be secured by 
Letters Patent of the United States is: 

1. An ester of the formula 

wherein R is selected from the group consisting of alkyl 
groups. fluoroalkyl groups, chloroa!k$ groups, aryl 
groups! fluoroartll groups, chloroaryl groups, aralkyl 
groups, fIuoroaralk$ groups, chloroaraIky1 croups, and - c 
alkene groups. 

2. The ester of claim 1 wherein R is selected from the 
group consisting of alkyd groups, fluoroalkyl groups, 
and chloroalkyl groups. 

3. The ester of claim 2 of wherein R contains from 1 
to 12 carbon atoms. 

4. The ester of claim 3 wherein R contains from I to 
4 carbon atoms. 

5. The ester of claim 1 wherein R is selected from the 
group consisting of aryl groups, fluoroarvl groups, and I 
chloroaryl groups. 

6. The ester of claim 5 wherein R contains from 6 to 
18 carbon atoms. 

7. The ester of claim 6 wherein R contains 6 carbon 
atoms. 

8. The ester of claim 1 wherein R is selected from the 
group consisting of aralkyl groups, fluoroaralky1 
groups, and chloroaralkyl groups. 

9. The ester of claim 8 wherein R contains from 7 to 
18 carbon atoms. 

10. The ester of claim 9 wherein R contains from 7 to 
30 carbon atoms. 

11. The e&r of claim I wherein R is vinyl. 
* * * * * 


